Haar and B-spline wavelet basis functions are applied to the Method of Moments (MOM) in order to speed up the Monte Carlo simulation of scattering from rough surfaces. Application of wavelet basis functions in conjunction with imposed threshold levels produce sparse impedance matrices which are then solved efficiently using search routines such as the Conjugate Gradient method. These different threshold levels are imposed on matrix element values with respect to the element of largest magnitude in order to determine the accuracy versus computing speed criterion. Results are compared to previous results computed using a conventional pulse basis function and point matching as well as the existing theoretical solutions for rough surfaces. It is shown that wavelet basis functions provide substantial reductions in both memory requirements atid coinputation time wliile providing very accurate results.
I Introduction
Numerical simulation of electromagnetic scattering analysis from a one-dimensional perfectly conducting random surface can be used as a benchmark in evaluating approximate theoretical models. Using resistive sheets to suppress the effect of the edges of a finite surface sample ['?I, accurate scattering behavior of random surfaces can be calculated from a finite sample length. Using a simple Method of Moments (MOM) and Galerkin's method, matrixsize is of the order of N 2 for a n N element structure. Using the Gaussian Elimination method, the required time to solve the resulting equation is of order of N 3 . However, using the Conjugate Gradient method to solve sparse matrices (almost diagonal) reduces this time significantly. Increasing the sparsity of the matrix decreases the convergence time for the Conjugate Gradient method. Unfortunately, when using simple pulse or linear expansion and testing functions, it is hard t o make the matrix sparse without drastically altering the resulting scattering pattern. Thus, it is desired to use a testing function that will produce a matrix where a threshold level can be imposed to create a sparse matrix, yct lcave the scattering pattern relativcly unchanged.
We investigated the use of txyo different types of wavelets with compact support, Haar and linear B-spline wavelets, and the effect of imposing a threshold level upon the MOM matrix that results from a horizontally polarized wave incident upon rough surfaces.
I1 Formulation
In order t o characterize both the backscattering coefficient and the bistatic scattering coefficient using t,he MOM, it is necessary to cast the electric field integral equation (EFIE) into a matrix equation, where the EFIE is given by:
here ko is the wave number, Zo is the intrinsic impedance of free space, Hi1) IS the zeroth-order Hankel function of the first kind, and p and p' are the position vectors of observation and sourcc points, respcctlvely. A more general form of equation (1) 
I11 Applications of Compact-Support Wavelets
As stated above, the EFIE used in conjunction with Galerkin's method can be expanded using testing function. By using an intervallic multiresolution, given by:
m=m< n which consists of the basis functions at the lowest resolution, plus wavelets at the lowest resolution and each subsequent higher resolution, a problem which is equivalent to an expansion consisting of only scaling functions at the highest resolution can be created. Using the Fast Wavelet Algorithm. the program needs only to compute the EFIE impedance matrix at the highest level of resolution. From this computed impedance matrix at the highest resolution, lower resolutions can be found in terms of the original computed impedance matrix. This reduces computation time drastically.
Sparse matricm arise due to the fact that wavelets have zero moments such as the Haar and linear B-spline wavelets. Then, even when integrating over the kernel, very small matrix element values are usually calculated. One notable exception for the EFIE is the self-cell integration, where the matrixelement values are largest. By imposing a threshold level on the matrix, the sparsity of the matrix increases, but because these elements have a magnitude on the order of 0.01 -1.0% the magnitude of the largest element, depending on the resolution used, these elements contribute very little to the actual current at any one position. Using Haar wavelets. described by the equation, along with pulse basis functions, a sparsity of over TO% at 3 levels of resolution could he observed without seriously altering the bistatic scattering pattern from a simple Gaussian hump. characterized by the equation, This sparsity level decreases with a decrease in the number of resolution levels, since each matrix element would have more contribution in the total current for any point, zn.
Next, linear Espline basis functions with linear 8-spline wavelets were investigated. The results from the linear B-spline case agreed well with the Haar case, and a sparsity of over 90% with 5 levels of resolution could be achieved without seriously affecting the scattering pattern.
IV Results
After determining that the result from the multiresolntion analysis for both the Haar and linear B-spline basis functions gave similar results, random surfaces were numerically created [4] with the desired roughness. 
V Conclusion
It has been found that using wavelet basis functions with MOM and Galerkin's method can drastically reduce both the memory requirements of a system and the time necessary t o solve the MOM matrix. This leads to solutions for rough surface scattering that are quite accurate when compared to other basis functions, yet take significantly less memory and time to solve. Matrices can he made over 94% sparse, yet still produce significant results in scattering problems. From this, it becomes possible to generate statistics for the scattering from surfaces of different roughness in a relatively short period of time. 
